Introduction
The major catechins in green tea leaves (Camellia sinensis L.) are (-)-epigallocatechin
3-O-gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin 3-O-gallate (ECG), and (-)-epicatechin (EC)
, which normally comprise more than 75% of tea polyphenols. Various biological and pharmacological properties of tea catechins have been reported. In particular, EGCG is known to exhibit more potent beneficial effects than the other catechins, including antioxidative, 1,2 antimutagenic, 3 antimutagenic/anticarcinogenic, [4] [5] [6] antiallergenic, 7, 8 and antiatherosclerotic properties. 9, 10 Many published reports describe the determination and quantification of catechins. They can be classified into four methodological groups based on ultra violet, [11] [12] [13] fluorescence, 13,14 electrochemical, [13] [14] [15] [16] and chemiluminescence detection. 9, 17 Ultra violet and native fluorescence detection are relatively insensitive while electrochemical and chemiluminescence detection are more sensitive.
1,2-Diphenylethylenediamine (DPE) has been reported to react in a neutral medium with catechol compounds in the presence of hexacyanoferrate(III) to produce fluorescence intensity. 18 We noticed that catechins include a catechol or pyrogallol group in their structures. Therefore, we used catechins [(+)-catechin (CA), EC, EGC, ECG, and EGCG] to establish suitable reaction conditions for a general analytical method.
Experimental

Reagents, solutions, and apparatus
Catechins (CA, EC, EGC, ECG and EGCG) were purchased from Funakoshi Co. and DPE from Tosoh Co. All other chemicals were of reagent grade and deionized water was used.
For the DPE solution, 212 mg of DPE was dissolved in 10 mL of 0.1 mol/L HCl (0.1 mol/L DPE). The solution was stable for at least one week when stored at room temperature, even in daylight.
Uncorrected fluorescence excitation (Ex) and emission (Em) spectra and intensities were measured with a Shimadzu RF-550 fluorescence HPLC monitor equipped with 20-µL quartz cells. In satisfying the reaction mixture in the cell, the fluorescence intensity was measured.
Procedure
The test solution was prepared in test tubes initially containing 100 µL of aqueous sample; 1.0 mL of a mixture of acetonitrile and 0.6 mol/L potassium chloride (3:2, v/v), 100 µL of 0.1 mol/L DPE and 120 µL of 5.4 mol/L potassium hexacyanoferrate(III) were added successively. The mixture was heated at 80˚C for 50 min. To prepare the blank, the same procedure was followed except that the 100 µL of test solution was replaced with 100 µL of water. The fluorescence intensities of the test and blank were measured at the wavelength of maximum emission with irradiation at the excitation maximum (see Table 1 ).
Results and Discussion
Determination of the catechins
The Ex maxima for catechin products occurred at approximately 331 nm. The Em maxima for the product from CA, EC, and EGC were found at 457, 459 and 457 nm, respectively. In EGC and EGCG, the Em maxima appeared at 455 and 550 nm (Fig. 1) . Upon irradiation at 331 nm, a very weak fluorescence of the reagent blank was observed (Fig. 1) ; the intensity was 1% of that from 2 nmol/mL CA.
Effect of reactant concentration on the development of fluorescence
Combined with the catechins, DPE gives a fluorescence in the presence of potassium hexacyanoferrate(III) in a neutral medium. Concentrations of DPE ranging from 0.1 to 0.2 mol/L in the DPE solution gave near maximum and constant fluorescence intensity for each catechin (Fig. 2) , and 0.1 mol/L was selected as optimum.
The concentration of potassium hexacyanoferrate(III) had an effect on the fluorescence development (Fig. 3) . A potassium hexacyanoferrate(III) concentration in the reaction mixture of 4.6 to 5.4 mmol/L provided maximum intensity. A concentration higher than 5.4 mmol/L causes inhibition of the fluorescence development in proportion to the concentration of hexacyanoferrate(III). This inhibition was due to the inner-filter effect [absorption of the fluorescence by hexacyanoferrate(III)], because no inhibition was observed when the hexacyanoferrate(III) was decomposed by adding a reducing reagent, such as ascorbic acid, β-mercaptoethanol or sodium hydrogen sulfide, to the final reaction mixture. A hexacyanoferrate(III) concentration of 5 mmol/L was selected as optimum.
Effect of reaction temperature and incubation time on fluorescence development
The fluorescence reactions for CA occurred even at 0˚C, though at higher temperatures fluorescence developed more rapidly (Fig. 4) . However, the fluorescence intensities at 80˚C reached a maximum after heating for at least 40 min. A temperature of 80˚C and a reaction time of 50 min were selected for reproducible results. The effect of reaction temperature and time on fluorescence development for the other compounds of interest closely resembled those for CA.
Stability of fluorescence and procedural precision
The fluorescences that developed from catechins under the prescribed conditions did not change after irradiation for 10 min at the excitation maxima, and were stable for at least 2 h in daylight. The calibration graph was linear for each catechin over concentrations ranging from 0.2 to 200 nmol/mL. The precision of the procedures for CA, EC, EGC, ECG and EGCG was established by running 20 assays on 20 nmol/mL solution. The relative standard deviations were 4.0, 6.6, 7.3, 3.1 and 5.1%, respectively.
Fluorescence from other catechin compounds
Other biologically important substances that we examined did 952 ANALYTICAL SCIENCES AUGUST 2002, VOL. 18 The reaction between ethylenediamine and catechol compounds produces fluorescent quinoxaline derivatives 19 so that the reaction used here probably yielded 2,3-diphenylquinoxaline derivatives. The roles of acetonitrile and KCl are reaction accelerators (data not shown) though the mechanisms are unknown.
The proposed method is simple and approximately 10 times more sensitive for native fluorescence of catechin and up 1 to 10 times more sensitive than electrochemical detection when the results at the last concentration were compared. Therefore, this method should be useful for the determination of trace catechins in biological samples after chromatographic separation.
